changes 2, 3, 4 and contribute to the altered development of the pain system during later childhood and adolescence 3, 4, 5, 0 . Instead, live music such as singing is excellent type of music when it is steady, constant, quiet, soothing and directed to the infants 6 . Graven 7 emphasizes that recorded sound should not replace human voice exposure in the NICU; therefore, health care providers should provide ample opportunity for the infant to hear parent's voices live, such as singing or humming, in interactions between the parent and the infant at the bedside.
The American Academy of Pediatrics Committee on Environmental Health has recommended safe levels of sound 8 , and these recommendations have been updated by an expert team of practitioners.
Recommendations specify that continuous sound should not exceed an hourly equivalent sound level of 50 A-weighted decibels (dBA) 7, 8, 9 , and music as an auditory stimulus not exceed 75 dB in NICU 6, 8, 10 . If earphones or other devices are used, sound sources should be kept at reasonable distances from the infant's ear, played for brief periods and at levels below 55 dB 7 .
Music listening can be initiated with or without the involvement of a music therapist. In this review, music can be implemented for premature infants by a music therapist or any health care providers and it will include both recorded and live music.
Outcomes
Regardless of the type of music, several studies have investigated the short term effects of music on preterm infants, including the improvement in physiological outcomes (e.g. oxygen saturation, heart rate, respiratory rate, and blood pressure), as well as in behavioural state (e.g. crying, facial expression, body movements) and pain scores 6, 11, 12, 13 . For example, Chou et al. 6 showed that premature infants receiving recorded music, that was the combination of womb sounds and the mother singing, with endotracheal suctioning had significantly higher oxygen saturation than when they did not receive music. Butt & Kisilewsky 12 compared recorded music involving both the vocal and instrumental version of Brahms lullaby versus no music, and found that infants older than 31 weeks demonstrated significant reduction in heart rate, behavioral state and pain.
In the study of Arnon et al. 11 the infants receiving live music, compared with infants receiving recorded music or no music, had significantly reduced heart rate and behavioral scores during the post-intervention period. Live music comprised of a lullaby sang by the female voice with frame drum and an accompanying harp. The same music was played by a tape recorder. Live music showed significant benefits, whereas no statistically significant changes were found for the recorded music and control groups. Teckenberg-Jansson et al. 13 indicated that music therapy combined with kangaroo care decreased the pulse, slowed down the respiration and increased the transcutaneous oxygen saturation in preterm infants. The musical instruments used were a lyre and a female human voice, which hummed or sang.
There is evidence that music has also positive consequences on long-term outcomes, including length of hospitalization, weight gain, and non-nutritive sucking 10, 13, 14, 15 . For example, in the study of Caine addition, according to Lubetzky et al. 10 exposure to music by Mozart significantly lowered energy expenditure among healthy preterm infants.
Hartling et al. 17 To date, there is also one meta-analysis published by Standley 20 concerning the efficacy of music therapy for premature infants during the period from 1950 to 1999. It concluded that music was beneficial for many outcomes among the preterm infants in the NICU. However, the results of this review were limited by the poor methodological quality of the included studies, and unclear reporting on the phases of review.
In our systematic review, studies published in 2000 and after will be considered for inclusion in the review. The number of the RCT's concerning the effectiveness of music among the preterm infants in NICU is especially increased during the last few years, and these studies have not included in the previous systematic reviews and meta-analysis.
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Inclusion criteria

Types of participants
This review will consider studies that include preterm infants (i.e. born at or before 37 gestational weeks) in neonatal intensive care unit (NICU)
Types of intervention(s)
This review will consider studies that evaluate any type of music (recorded or lived music), which is implemented for premature infants by a music therapist or any health care providers during painful procedures.
Comparator
No music intervention (the infant will receive the usual care based on the routine practices in the unit)
Types of outcomes
This review will consider studies that include the following outcome measures: level of pain measured by pain scores and/ or physiological (e.g. hearth rate, blood pressure, respiration, oxygen saturation),
behavioural (e.g. cry, facial expression, movements, sleep-wake state) and hormonal (e.g. blood glucose, cortisol level, catecholamine acids) pain indicators.
Types of studies
The review will consider only experimental study designs including randomized controlled trials (RCT's). Thus, the non-randomized controlled trials, quasi-experimental trials, before and after studies will not be considered.
Search strategy
The search strategy aims to find both published and unpublished studies. A three-step search strategy will be utilised in this review. An initial limited search of MEDLINE and CINAHL will be undertaken followed by analysis of the text words contained in the title and abstract, and of the index terms used to describe article. A second search using all identified keywords and index terms will then be undertaken across all included databases. Thirdly, the reference list of all identified reports and articles will be searched for additional studies. Studies published in English and Finnish will be considered for inclusion in this review. Studies published in 2000 and after will be considered for inclusion in this review. This start date was chosen to follow on from the previous meta-analysis which used the date range 
Assessment of methodological quality
Papers selected for retrieval will be assessed by two independent reviewers for methodological validity prior to inclusion in the review using standardised critical appraisal instruments from the Joanna Briggs
Institute Meta Analysis of Statistics Assessment and Review Instrument (JBI-MAStARI) (Appendix I).
Any disagreements that arise between the reviewers will be resolved through discussion, or with a third reviewer.
Data collection
Data will be extracted from papers included in the review using the standardised data extraction tool from JBI-MAStARI (Appendix II). The data extracted will include specific details about the interventions, populations, study methods and outcomes of significance to the review question and specific objectives.
Data synthesis
Quantitative papers will, where possible be pooled in statistical meta-analysis using JBI-MAStARI. All results will be subject to double data entry. Effect sizes expressed as odds ratio (for categorical data) and weighted mean differences (for continuous data) and their 95% confidence intervals will be calculated for analysis. Heterogeneity will be assessed statistically using the standard Chi-square and also explored using subgroup analyses based on the different quantitative study designs included in this review. Where statistical pooling is not possible the findings will be presented in narrative form including tables and figures to aid in data presentation where appropriate.
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